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WIND-TUNNEL IXVESTTGATION OF. A. SHIELDED TOTAL-PRESSURE 

TUBE AT . m s o m c  SPEEDS 

By William Graceg, Albin 0. Pearson, 
. and  Walter R. Russell 

SUMMARY 

The variation of total-pressure  error w i t h  angle of a t tack of a 
shielded  total-pressure  tube h a f i g  a curyed venturi  -entry has been 
determined  through an angle-of-attack range of Oo t o  60’ a t  Mach numbers 
ranging f r o m  0.90 t o  1.10. The t e s t s  were conducted in the Langley 
8.-foot  high-speed  tuhnel. 

L The results of t h e   t e s t s  showed .that the   c r i t i ca l  -le ( that  ‘ i s ,  
the  angle of a t k c k   a t  which khe total-pressure  error-reaches  a  value . 
of 1 percen% of the impact pressure)  varied from about 570 at  a Mach 

.. 
’ number of 0.9 t o  about 56’ a t  a Mach  number of 1.10. 

The c r i t i c a l  angles  determined in  the   p re sen t   ‘ t e s t s   a t  Mach.numbers 
of 0.90 and 0.95 agree t o  within l. 5 O  with the  values  obtained in a 
.previous  s&sonic  investtgation a t  the same Mach numbers. From the 

, results of both of these  investigations  the .critical angle i s  ahown t o -  
remain constant- a t  about 63O -over a Mach -number range of 0.26 to 0. w; 

’ above a Mach number  of 0.50, t he   c r i t i ca l  angle decreBses t o  the mlue . 
determined a t  a Mach number of  1.10. 

- 
’ INTRODUCTION 

The development of high-performance a i r c r a f t  having the  capabili ty 
of maneuvering t o  high  angles  of.attack.at  supersonic speeds has brought 
about  the need for fiked or r igid  total-pressure tubes. which w i l l  measure t o t a l  pressure  correctly over a.wLde range of angle.of  attack through- 
,out  the && number range. I~I reco@.ti.on ,of- this need the National 
Advisory Committee for Aeronautgcs +s c0nducting.a  seriea of wind-t&el 
t e s t s  .to determfne the  varhtion”of  %otal-preesure.  error  with  ‘angle of 

’ a t tack  of a number o f  total-pfesaure  tubes. a$: .subsonic, transonic, and- 
supersonic  speeds. ’ .  
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Preliminary  tests of 39 total-pressure  tubes through an angle-of- 
a t tack range of 2450 a t  a low-subsonic  speed were reported  in  reference 1. 
Subsequent t e s t s  o f  X )  of these.  tubes over an  angle-of-attack  range 
of +450 at several  supersonic  speeb were presented  in  reference 2. 
The resu l t s  of these  tes ts  showed that a shielded  total-pressure-  tube 
having a coni-1 venturi-entry  (Kiel  design - reference 3) provided 

- . the greatest insensit ivity  to  angle of attack. As a means of  determining 
whether the range of insensi t ivi ty  of  this . type of tube  could be extendcd 
t o  higher  angles of attack,  additional  tests  (reference.4) were conducted 
on six variations of the  basic  Kiel design over a Mach  number- range 
0 ~ 0 . 2 6  t o  .0.95. These test-s---showed that   the  range of insensi t ivi ty  .- 
of a shielded  tube  could be .increased by' about 50 percent  by the--use 
of. a curved venturi  entry,  the shape o-ich was adapted from a design 
given in reference 5. 

As an extension of the  investigation of shielded  tubes,  further 
t e s t s  have been  conducted a t  transonic speeds on the.tube with the 
curved entry.  This  paper  presents  the results of these  test-s. 
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SYMBOLS 

H free-stream  total  preasure in subsonic f l o w  or the   to ta l  
pressure  behind a normal shock in supersonic flow 

H' total   pressure measwed by the  total-pressure  tube 

A3 total-pressure  error (H' - H.) 
Ps etream static pressure 

9, impact pre.ssure (H - pa) 

M stream Mach  number - 

a. angle of attack of total-pressure  tube,  degrees 

A diagram of the  shielded  total-pressure  tube which was tes ted i n  
this  investigation i s  shown in figure- 1. The conffgu??ation of--this tube 
i s  a modtffcstion of the Kiel design  reported in  refkrence 3. The present 
design differs from that  of the Kiel t d e  i n  that-the shape of the 
venturi  entry is curved rather  than  conical and the inter ior  of the 
shield i s  vented  along  the walls o f  the tube instead of .directly t o  the 



3 
.~ 

rear. . This l a t t e r  innovation was adopted in  order  to  permit end-mounting 
of the  tube on a horiiontal  boom and thereby  avoid  the  vibration  diffi- 
cu l t ies  which had. been encountered  with .the  spinkle-type mounting of the 
Kiel design. 

The t e s t s  were conducted in the Langley 8-foot  high-speed  tunnel. 
The tube was mounted at the end of a s t ing sugport  through a n  adjustable 
coupling. The angular deflection of the  sting-coupling  conibktion was 
su& that  the  tube  could  be  set a t  ~ t n y  angle between Oo and 60° and at 
the same time remain in  close  proximity to the  center  line of  the  tunnel. 
For each t e s t  run the tlrb-e W&E set t o  a given  angle of at tack by means 
of a remote-control mechanism and a cathet-ter  located  outsfde the 
tunnel wall. These sett ings w e r e  made wlth  the,tuzlnel  operating in order 
that the ef fec ts  of s t4g   de f l ec t ion  due t o  air loads might  be el-ted. 

. For  each se t t ing  of the ttibe, measurements were taken  at.Mach 
numbers. ranging from 0.9 t o  1.10. The total-pressure  error waa deter- 
mined as.  the  difference between the pres-e measured by the  total-  
pressure  t&e md free-stream t o t d  presaure as measured by a reference 
total-pressure  tube  located upetream  from the  test   section. For  those 
Mach numbers a t  which h o c k  formed ahead of the test tube; corrections 
were applied  for  the  total-pressure 1068 through the shock. Thus, t he  
total-pressure er ro rs  a t  supersonic  speeds are a function only of change.8 
in  angle of attack and, g s  such, are   Mrect ly  comparable w i t h  the data 
obtained a t  subsonic  speeds. The hapact pressure and Mach  n-r of 
each -test run were,  determined f r a n  total   pressure as measured by  the 
reference  total-pressure tube and s ta t ic   pressure as measured by an 
orif ice   located in the   t es t  chamber. 

The accuracy of the measurement of angle of attack was estimated 
t o  he w i t h i n -  0:lO. The accuracy of the .toCal-presaure error -&I/% 
was calculated  to be o f  the  order of 0.002. Values 
numbers  were accurate to within 0.01. 

RESULTS AND DISCUSSION 

The resu l t s  of  the t e a t s  of the  total-presmre 

of t h e   t e s t  Mach 

I 

tube at eight Mach- 
numbers between 0.W and 1.10 are presented-in,, f igure 2. For each mch 
nuniber the  total-pressure  error LX€ is given as  a fract ion of the.impact 
pressure 9~ and is plot ted as a functlon of the angle of at tack a. 
For consistency in Pairing  the  data beyond WO, a curve was 'arbi t rkr i ly  

' drawn through the  points a t  35° and 60' on the assumption that the  error 

which the  error departed from zero). 
- varied  as  the  square of the  angle of at tack (t&en f rom the angle a t  . 

- 
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A.6 Fndicated by this   f igure the tcrtkl-pressure error a t  ea& Mach' 
= :  

number remains essentially:  zero  for  angles  of attack up t o  about 50° 
and deviates  to  values of about -0.03qc at-a = &lo. In order to - 
establish a cr i te r ion   for  comparing the ,per fomnce  of the  tube at the 
various Mach numbers, the angle of attack a t  which the  total   pressure 
reached a value of 1 percent- of the impact- pressure  has been chosen as 

' the   basis  f o r  compariaon. This angle is called the "c r i t i ca l  angle." 
The c r i t i c a l  angle was found t o  have a value of 57.1° at-- M = 0.90 
and. 55.60 at-.- M = 1.10. 

The cr i t ical   angles  as determhed from the data shown in figure 2 
have been plotted as a function of Mach number in   f igure 3. Included 
i n  figure 3- are--the  results of t e s t s  of the same total-pressure  tube 
a t  subsonic  speeds  (reference 4). It w i l l  be  noted that the values of 
the  cr i t ical   angle  as dekrmined  by the present  tests a t  M = 0.m and 
0.95 agree t o  within 1.5' w i t h  the data from the  subsonic  tests a t  the 
same Mach nlmibers. Fram the  results  obtained from both of these  investi- 
gations,.  the- critical angle 'is Bhown t o  remain constant-at  about 43' 
over a Mach  number .range  of from 0.26 to '  0.50; above M = 0.50 the 
critical  angle  decreases Lo a value of about 560 a t  M = 1.10. 

Transonic wind-tunnel tests of  a shielded  total-pressure  tube  having 
' a curved venturi  entry have  been  conducted  through an angle-of-attack 

range of 00 t o  60' at  ~ a c h  numbers ranging from 0.9 t o  1.10. 

The reeults  of-   the tests showed that the critical angle  (that-is, 
the  angle of attack.atwhich  the  total-pressure  error  reaches a value 
of I p.ercent of ,  the iapactopressure)  varied from about 5F a t  a Mach 
nmber.of 0.s t o  about 56 a t  a Mach n&er o f l . l O .  

The cr i t ical   angles  determined i n  t h e   p r e s e n t t e s t s   a t  Mach numbers 
of 0.90 and 0.95 agree to  within 1.5O with the  values  obtained i n  a  previous 
-subsonic  investigation at  the same Mach numbers. Fram the results of 
both of these  investigations  the  critical  angle is shown t o  remain 
constant a t  about 630 over a Mach  nlxmber range of 0.26 t o  0.3; above 
a Mach nmber.of 0.50, the  cri t ical   angle  decreases  to  the value  deter- 
mined a t  a Mach  number of 1.10. 

Langley Aeronautical  Laboratory 
-National Advisory Committee for  Aeronautica 

Langley Field, Va. . .  
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Figure 1.- Sectlon view of shielded total-pressure  tube. 
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. Figure 2.- Variation of total-pressure er ror  with angle of attack at 
Mach numbers from -0.90. to 1-10. 
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' I7 Data I from reference 4 

Mach number, M 

Figure 3. -  Variakion of  c r i t i c a l  angle with Mach number. 
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